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Effects of Bilingualism on Speech Recognition Performance in Noise  
Mitzarie A. Carlo 
ABSTRACT 
 This study examined the effects of bilingualism on speech recognition in 
noise performance of young normal-hearing Spanish-English bilinguals across 
several signal-to-noise ratios (SNR).  The estimated signal-to-noise ratio needed 
for 50% correct recognition performance obtained for bilingual listeners was 
compared to young normal-hearing monolingual listeners of both English and 
Spanish.  The estimated mean SNR needed for 50% correct recognition was 
significantly higher (i.e., poorer) for the bilingual than for the monolingual English 
listeners.  The Spanish language performance of the bilingual listeners did not 
significantly differ from that of the monolingual Spanish listeners.  The bilinguals 
were then divided into subgroups based on age of acquisition of the second 
language.  Bilinguals were subdivided into early and later learners of English and 
further comparisons were made.  The average estimated SNR needed for 50% 
correct recognition for the early bilinguals did not differ statistically from that of 
monolingual listeners in either the English or the Spanish language testing.  The 
SNR obtained for 50% correct recognition of English words was significantly 
higher for the late bilinguals than for the monolingual English listeners.  For 
Spanish words, the mean SNRs obtained for 50% correct recognition for the later 
bilinguals and the monolingual Spanish speakers did not differ statistically from 
 vi 
 
 
one another.  These results suggest that caution should be used when assessing 
speech-in-noise performance in the second language of bilingual patients 
because separate norms may be needed for this population.  Age of acquisition 
of the second language should be considered as a confounding factor in speech-
in-noise performance of bilingual listeners. 
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Chapter One 
Introduction 
Typically, the initial complaint adult Audiology patients report during the 
pre-assessment interview is an increased difficulty understanding speech in 
background noise (Carhart & Tillman, 1970; Killion, 2002; Wilson & Strouse, 
2002).  In response to such complaints, over 40% of hearing healthcare 
providers have opted to include measures of speech recognition in noise as part 
of their routine audiological evaluations (Strom, 2003).  The goal of speech 
recognition in noise testing is to quantify the signal-to-noise ratio at which the 
listener can understand 50% of the speech signal (i.e., 50% SNR).  Signal-to-
noise ratio (SNR) refers to the relationship (in dB) between the level of the 
speech signal and the level of the background noise.  In clinical assessment, the 
difference between the speech-in-noise recognition performance of the patient 
and the average performance of a young normal-hearing individual is referred to 
as the signal-to-noise ratio loss experienced by that individual.    
Some of the most popular clinically available speech-in-noise tests are the 
Hearing in Noise Test (HINT; Nilsson, Soli, & Sullivan, 1994), the Quick Speech 
in Noise test (Quick SIN; Killion, Niquette, & Gudmundsen, 2004), the Speech 
Perception in Noise test (SPIN;  Kalikow, Stevens, & Elliot, 1977; Bilger, Nuetzel, 
Rabinowitz, & Rzeczkowski, 1984), and, most recently, the Words-in-Noise Test 
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(WIN; Wilson, 2003). All of the aforementioned tests have been developed and 
normed for the native American English-speaking population.   
With the rapid growth of the Hispanic population in the United States, an 
increasing number of hearing-impaired bilinguals are seen in Audiology clinics 
every year.  The use of English speech recognition tests with non-native bilingual 
listeners raises questions regarding language-appropriate testing.  Before one 
can explore the possible combined effects of bilingualism and hearing loss on 
speech recognition in noise testing, the effects of bilingualism must be studied 
independently in the normal-hearing population.  The effects of bilingualism on 
speech-in-noise recognition performance in the first and second languages of 
young, normal-hearing individuals have been reported (e.g., Takata & Nábělek, 
1990; Mayo, Florentine, and Buus, 1997; Rosenhouse, Haik, & Kishon-Rabin, 
2006).   As discussed later in this manuscript, research findings show that many 
bilingual listeners perform poorer in their second language than monolingual 
listeners of that language.  Data on speech recognition performance of bilinguals 
in their first language, however, are limited, thus making it difficult to draw 
conclusions. 
Language factors that could account for the decreased speech-in-noise 
recognition performance of bilingual listeners in their second language have been 
suggested (Flege, 1995; Mayo et al., 1997).  Specifically, language use and age 
of acquisition of the second language have been proposed to account for poorer 
performance in speech-in-noise tests seen in bilinguals.  Age of acquisition has 
received much attention in the study of the effects of bilingualism on speech 
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recognition, and has been shown to account for some of the performance 
disadvantages seen in bilinguals when listening in their second language.  Age of 
acquisition, however, has not been able to account for all performance 
differences in bilinguals.  These findings are suggestive of the existence of other 
factors that could account for reduced speech-in-noise performance in bilinguals, 
such as the complexities involved in the management of two languages.  In the 
bilingual speech recognition process, phonological input is believed to spread 
activation to phonologically-similar lexical candidates of both the target language 
and the non-target language.  This cross-language activation then generates 
cross-language competition, which is thought to cause a slowing of the 
recognition process (Colomé, 2001).   
The present study aims to determine if poorer performance of bilingual 
listeners in their second language is due to the management of the two 
languages by studying their performance in their first language as well.  The 
management of two languages should also cause a slowing of the recognition 
process when listening in the first language.  If bilingual listeners show poorer 
performance in not only their second language but also their first language, this 
could suggest that special normative data should be created for clinical 
assessment of bilingual listeners in their first and second languages.  Factors 
related to language use, history, and preferences will also be studied in an 
attempt to better account for any performance differences observed in bilingual 
listeners during the speech-in-noise tasks.  
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The specific goals of this study were:  (1) to compare speech recognition 
in noise performance of Spanish-English bilingual listeners to that of monolingual 
listeners of their second language (i.e., English); (2) to compare speech 
recognition in noise performance of Spanish-English bilingual listeners to that of 
monolingual listeners of their first language (i.e., Spanish); and (3) to examine 
the relationship between language factors with speech recognition performance 
in noise in either the first or second language of the listeners. 
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Chapter Two 
Review of the Literature 
Part I: Bilingualism 
The term bilingual has been used to describe individuals who know two 
languages (Baker, 1993).  This broad definition of a bilingual individual 
encompasses variations in fluency, age of acquisition, and circumstances of 
acquisition of each language.  The term bilingual, therefore, refers to a 
heterogeneous group of individuals with a wide range of language competencies.  
These differing abilities across the two languages have been described as a 
language continuum (e.g., Valdes & Figueroa, 1994).  One end of the continuum 
is designated as strongly first language dominant, whereas the other end of the 
continuum is defined as strongly second language dominant.  The midpoint 
between these two extremes in the language continuum represents individuals 
considered balanced bilinguals, suggesting equal command of both languages.  
The degree of dominance and exposure to both the first and second language is 
believed to play an important role in the activation and accessibility of items in 
the lexicon for each language during spoken word recognition (Grosjean, 1997).   
The complex interaction between two languages in the bilingual brain has been 
modeled by several theories of bilingual lexical access.  Given that bilingual 
theories build on or extend from theories of monolingual speech recognition, the 
monolingual theories should be discussed first. 
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Part II: Monolingual Theories of Spoken Word Recognition 
Most theories of spoken word recognition are based on the assumption 
that words are recognized through a process of activation and competition.  
Understanding how the theories of monolingual speech recognition account for 
activation and competition will facilitate the understanding of the bilingual 
theories of lexical access.   
The Cohort Model of spoken word recognition (Marslen-Wilson & Welsch, 
1978) proposes that the phonological input activates other words in memory that 
have similar sounding word-initial segments, which are referred to as word-initial 
cohorts.  In this model, the activated cohorts will compete based on top-down 
(contextual) and bottom-up (phonological) information until a “winning” candidate 
is selected for recognition.   
The Trace Model (McClelland & Elman, 1986) differs from the Cohort 
model in that it proposes more radical or wide-spread activation.  In this model, 
all phonemes from the input word (as opposed to the initial phonemes) will 
spread activation to other words in memory that have one or more matching 
phonemes.  The Trace Model also proposes competition based on top-down and 
bottom-up information, but with the addition of excitatory and inhibitory 
connections that allow interactivity between and within its levels of processing 
(i.e.,  feature level, phoneme level, word level).  Excitatory and inhibitory 
connections serve to raise or lower the level of activation of the lexical 
candidates based on the stimulus input.  The more excitation or activation a 
lexical candidate receives, the higher the probability that it will be selected as the 
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winning candidate.  Conversely, the more inhibition a candidate receives, the 
less likely it will be selected during the recognition process.  
Similar to Trace, the Neighborhood Activation Model (NAM; Luce & Pisoni, 
1998) proposes wide-spread activation of phonemically-similar candidates that 
compete based on inhibitory connections within levels and excitatory connections 
between levels of processing.  This model diverges from the other models in that 
it proposes that lexical neighborhood factors also influence the relative ease or 
difficulty with which a word is selected during the competition process of word 
recognition.  These lexical factors relate to properties of the words and its 
neighbors.  The term neighborhood refers to the set of words that differ from a 
target word by only one phoneme (e.g., “bat” has neighbors such as “rat, back, 
mat…”).  According to the NAM, the activation strength of a word’s neighbors will 
depend on their own frequency, as well as, their neighborhood frequency and 
density characteristics.  Neighborhood frequency refers to the frequency of 
occurrence of all the neighbors of a target word.  Neighborhood density refers to 
the number of phonologically similar words (neighbors) that a target word has in 
the language.  Based on the NAM, words that reside in low-density and low-
frequency neighborhoods (but themselves occur relatively frequently in the 
language) will be processed in less time and with more accuracy than equally-
frequent words from high-density, high-frequency neighborhoods.  Assuming 
similar neighborhood frequency and density, the NAM model also predicts that 
target words that occur frequently in the language (high-frequency words) will be 
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recognized more rapidly and with greater accuracy than target words that occur 
less frequently in the language (low-frequency words).  
The NAM model recently evolved into the PARSYN Model (Luce, 
Goldinger, Auer, & Vitevitch, 2000), which encompasses the same elements as 
the NAM but adds the influence of a phonological factor (i.e., phonotactic 
probability).  Probabilistic phonotactics refers to the probability of a given set of 
phonological segments to occur together in a language (Vitevitch & Luce, 1999). 
Words that contain frequently occurring phoneme combinations within a 
language are referred to as high-probability words based on their high 
phonotactic probability to occur together.  Facilitative links are thought to exist 
between frequently occurring phoneme combinations, so that the activation of 
one phoneme will spread to those that frequently occur with it.  The PARSYN 
model predicts that spoken words that contain high-probability phonotactic 
patterns will be processed in less time and with more accuracy than those with 
low probability patterns (assuming equal frequency of occurrence in the language 
of the target words and equality of neighborhood frequency and density 
characteristics).   
The models reviewed above differ from each other in how they account for 
the activation of lexical candidates and the means by which those candidates 
compete.  The theories of monolingual word recognition, however, all predict that 
the phonological input will trigger a spread of activation to multiple items within 
the lexicon.  These theories also agree that once activation is spread to 
phonologically similar lexical candidates in the lexicon, a process of competition 
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will then take place among the activated candidates in order to select a winning 
candidate for recognition.   
Part III: Support for Theories of Monolingual Speech Recognition 
A number of research studies have attempted to resolve the controversy 
found in the theories of monolingual speech recognition regarding the extent of 
the spread of activation (i.e., constrained to word-initial cohorts versus wide-
spread activation from all constituent phonemes) by using similar-sounding 
words that differ in word-initial segments.  Connine, Blasko, and Titone (1993) 
measured priming effects between rhyming non-word primes and real word 
targets in the absence of word-initial overlap (e.g., kell and bell).   According to 
the Cohort model, no priming effect should take place between the lexical 
representations kell and bell since they do not have matching word-initial 
segments.  Priming effects were measured by having participants use buttons on 
a response box to indicate if a word displayed on a screen was a word or a non-
word.  Connine et al. found that there were facilitative priming effects between 
the rhyming non-word and the word even when there was no phonological 
overlap in the word-initial segment.  Lexical decision time was then shorter for 
target words that were preceded by rhyming non-words.  Thus, their study did not 
support the proposition from the Cohort theory, and instead provided support for 
theories such as Trace, NAM, and PARSYN, which propose a more wide-spread 
activation from and to all phonological units of a word. 
In a study using eye movement tracking, Allopena, Magnuson, and 
Tanenhaus (1998) studied eye fixation on items displayed on a computer screen 
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during a recognition task.  Participants were instructed to use the mouse to click 
on the displayed item indicated by the investigator.  Study results showed that 
participants would fixate on the pictures of not only the target item, but also of 
rhyming competitors that did not share word-initial segments.  For example, 
when asked to click on a picture of a beaker, participants showed an increased 
probability to fixate on a picture of a speaker, even before the offset of the target 
word was spoken.  The findings from Connine et al. (1993) and Allopena et al. 
are consistent with other existing literature (e.g., Luce & Cluff, 1998; Vroomen & 
de Gelder, 1995) in suggesting that spread of activation that results from spoken 
word input will reach words in the lexicon that have similar phonological 
structure, regardless of whether the similar-sounding phonemes occur in the 
word-initial position, or later in the word.   
For the theories involving wide-spread activation (Trace, NAM, PARSYN) 
the controversy over how competition takes place during spoken word 
recognition still remains.  There is evidence to support the claims proposed by 
the NAM and PARSYN theories as to the influence of neighborhood activation 
and probabilistic phonotactics in the competition of lexical candidates.  For 
example, Goldinger, Luce, and Pisoni (1989) showed that target words that were 
presented following phonologically similar neighbors were recognized less 
accurately than those preceded by a non-related word.  Goldinger et al. also 
found that the neighborhood frequency of the prime had an effect on how much 
interference it had on recognition of a target word.  In another study, Luce and 
Pisoni (1998) observed that high-frequency words and words from low-frequency 
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neighborhoods were recognized faster and more accurately than low-frequency 
words and words from low-frequency neighborhoods.  Also, words from high-
density neighborhoods were recognized slower, but more accurately, than those 
from low-density neighborhoods.   
Another study that provides support for the effects of neighborhood factors 
was done by Sommers, Kirk, and Pisoni (1997), in which participants were 
significantly less accurate at identifying hard words (relatively low-frequency 
words from high-density, high-frequency neighborhoods) than easy words 
(relatively high-frequency words from low-density, low-frequency neighborhoods).  
These results strongly support the NAM and PARSYN models, which predict that 
words from high-density and high-frequency neighborhoods will undergo greater 
and stronger lexical competition as opposed to those from neighborhoods with 
few competing lexical candidates or with candidates that are low in frequency of 
occurrence.   
In regards to the use of phonotactic probability to aid in the speech 
recognition process, a study by Norris, McQueen, Cutler, and Butterfield (1997) 
showed that listeners were faster and more accurate at identifying real words 
when they were surrounded by phonotactically legal syllables than when they 
were surrounded by illegal syllables.  In other words, if the added syllable can 
stand alone, then it is easier to distinguish that it as a separate element of the 
target word, as opposed to part of the target word.  For example, the word apple 
was identified faster and more accurately when embedded in the nonsense word 
vuffapple than when embedded in the nonsense word fapple.  Based on the 
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phonotactic rules of the language, the syllable /vuff/ can stand alone, but the 
phoneme /f/ can not.  The /f/ is therefore processed as being part of the syllable 
/fa/ (fa-pple), making it more difficult to separate from the target word apple.  
These findings suggest that listeners use phonotactic information (in addition to 
other strategies such as prosody) in identifying the boundaries of spoken words 
during fluent speech. 
Some empirical data on activation and competition are therefore 
consistent throughout the above-reviewed studies.  That is, these data suggest 
that: (1) phonological input triggers wide-spread activation throughout the lexicon 
to phonologically similar candidates; and (2) phonological candidates will 
undergo competition based on neighborhood frequency, neighborhood density, 
target word frequency, and phonotactic probability characteristics. 
Part IV: Theories of Bilingual Lexical Access 
The focus of the theories of bilingual lexical access is to model the extent 
to which activation and competition will affect the non-target language during the 
process of speech recognition.  These theories also propose possible 
interactions between the bilingual’s two languages during the activation and 
competition process of spoken word recognition to regulate excitation or 
inhibition of each language.   
Green (1998) proposed the Inhibitory Control (IC) model for bilingual 
lexical access.  The IC model suggests that spoken phonological input spreads 
activation to phonologically-similar candidates across both languages.  According 
to this model, bilinguals have language-specific representational networks within 
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their lexico-semantic systems that regulate activation or inhibition of competing 
candidates based on their language membership.  In theory, this suppression of 
the non-target language can facilitate access to the target language with minimal 
language interference.   
Dijkstra and van Heuven (2002) proposed the revised Bilingual Interactive 
Activation model (BIA+), which is very similar to the IC model.  In the BIA+ model, 
however, the activation level of a lexical candidate is based on phonological 
similarity to the input word and not the language membership of the word.  
Because competition is based on phonological rather than language information, 
lexical competition across languages will be influenced by neighborhood density 
and frequency of the target word’s within- and between-language neighbors.  In 
addition, the BIA+ model proposes that the lexico-semantic system contains 
language nodes, which serve as language labels that indicate to which language 
a word belongs.  These language nodes gather activation from word candidates 
in the language they represent and inhibit activated word candidates in the other 
language.  The activation level of the language nodes is an indication of the 
amount of activity taking place in each language.  Therefore, the language node 
of the target language will typically have a higher activation level than that of the 
non-target language.  Once lexical candidates are selected for competition based 
on the phonological input, then information from the language nodes is used to 
facilitate recognition.   
In contrast to the IC and BIA+ models, which propose inhibition of the non-
target language based on phonetic input, Grosjean (1997) proposed the Bilingual 
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Model of Lexical Access (BIMOLA) in which the intention to use one language 
will cause an increase in the activation threshold of the other language.  
According to this model, factors like the expectations from the environment and 
the intention of the speaker to use a language will determine the balance of 
activation and inhibition that will occur.  The balance of activation between the 
two languages thus corresponds to the language mode of that individual in the 
bilingual language continuum.   
According to BIMOLA, when bilinguals communicate with monolingual 
listeners of either language, they will experience an increase in the activation 
threshold of words in the non-target language to reduce competition from them.  
When the same individual communicates with other bilinguals from shared 
language backgrounds (perhaps family members), however, the activation 
thresholds for both languages will be the same.  Having similar activation 
thresholds in both languages is thought to facilitate code switching between the 
two languages.  The theory also proposes that over time, as a bilingual speaker 
utilizes one language more often, the overall activation threshold for that 
language becomes lower, making it easier to access.  This, in turn will result in 
an increased cost of language switch if the individual needs to return to the other 
language.   
The models of bilingual lexical access seem to agree that phonological 
input will result in activation of both lexicons.  The models also agree that 
competition will not only take place within each lexicon, but also between the two 
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lexicons.  The models differ, however, on whether activation of the non-target 
language is regulated by phonological input, language expectancies, or both.     
Part V: Evidence of Cross-Language Activation, Competition, and Interference 
 
Scientists have evaluated the proposed existence of cross-language 
activation, competition, and interference during speech recognition in different 
ways.  Spivey and Marian (1999) and Marian and Spivey (2003) used eye-
tracking technology to measure linguistic interference from a non-target language 
during an auditory-visual task with Russian-English bilinguals.  In both studies, 
participants were asked to use their eyes to move the specified target objects 
from a visual display containing four independent images.  Participants were 
unaware that one of the non-target (or filler) objects had a translation in the non-
test language that was phonologically similar to the name of the object in the test 
language.  For example, Spivey and Marian, asked the participants in Russian to 
put the stamp (marku) below the cross.  In this example, an image of a marker 
was also displayed on the screen (among two other filler objects).  The word 
marker served as the cross-language competitor, since its English translation is 
phonetically similar to the Russian translation for stamp marku.  Visual fixation 
(as measured through eye tracking) on the cross-language competitor was 
detected in both studies.  These results indicated that the phonologically similar 
lexical item in the non-target language was activated simultaneously to the target 
lexical item in the target language.  The cross-linguistic activation reported by 
Spivey and Marian and Marian and Spivey suggests parallel lexical activation in 
the bilingual brain during single-language spoken language processing.   
 16 
 
 
Cross-language competition of phonologically-similar words through a 
phoneme monitoring task has also been demonstrated (Colomé, 2001).  Bilingual 
listeners were tested in their first language and had to decide whether a specified 
phoneme was present in the name of the item displayed in a picture.  Colomé 
included three types of trials.  Some trials had pictures that only included the 
phoneme in the translation-equivalent; others included pictures that only 
contained the phoneme in the target language; and others that did not include 
the phoneme in either language.  The results showed that participants took 
longer to determine that the target phonemes were not present when they were 
present in the translation-equivalent name of the word.  These results suggest 
that as proposed by the BIA+ model, both the target and non-target languages 
are simultaneously activated during the speech recognition process in bilinguals.   
With regard to cross-language interference, Preston and Lambert (1969) 
used the Stroop task to study interference of the non-target language during 
color naming by bilingual participants.  Typically, the Stroop task stimuli consist 
of printed color names, but the color of the ink with which the word is written does 
not match the color name that is printed (e.g.,  the word red written in blue ink).  
For this task, the participant is asked to name the color of the ink (not the word).  
Monolingual participants typically show interference from the written word when 
they are trying to name the color of the ink.  Preston and Lambert used a 
bilingual version of the Stroop task, in which the name of a color was displayed in 
the non-target language (e.g., rouge which means red in French) and the 
participant was asked to name the color of the ink in the target language (e.g., 
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the word rouge is written in blue ink and the correct response would be to say 
blue in English).  Preston and Lambert showed that when the participants were 
completing the bilingual Stroop Task, the written word interfered with the 
identification of the ink color although it was written in the non-target language.   
The data discussed in this section provide evidence to support some 
propositions of bilingual theories of lexical access.  Bilingual individuals do 
appear to experience language activation and competition across both lexicons.  
The existence of across-language activation and competition has been 
evidenced by across-language interference during bilingual speech recognition 
tasks.   
Part VI: Effects of Bilingualism on Speech Recognition Performance 
Stimuli with varying levels of context (i.e., consonants, words, and 
sentences) have been used to study speech recognition performance differences 
between monolingual and bilingual listeners.  Consonant recognition tasks 
provide a limited amount of contextual information to aid in the recognition 
process.  The listener must rely mostly on auditory discrimination.    
Takata and Nábělek (1990) evaluated consonant recognition ability in 
quiet, noisy, and reverberant environments for monolingual English listeners and 
Japanese-English bilingual listeners who had acquired English around the age of 
12.  In their study, Takata and Nábělek found that in the quiet listening condition 
the bilingual listeners were able to perform similarly to the monolingual listeners 
in their second language (2% difference in performance).  The bilingual group, 
however, performed poorer than the monolinguals in the noisy and reverberant 
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conditions (8% difference in performance for both conditions).   Thus, it was only 
under degraded listening conditions that the effects of bilingualism on speech 
recognition in the second language started to emerge.    
The use of words for speech recognition tasks increases the availability of 
lexical, phonological, and probability information to aid in the recognition process 
without overloading working memory with multiple words that must be recalled 
(as in sentences).  The additional information available in words better 
approximates real listening environments, in which many cues are typically 
available.  Rogers, Lister, Febo, Bessing, and Abrams (2006) used monosyllabic 
words to evaluate performance of monolingual English and relatively early 
Spanish-English bilingual (onset of English immersion by age 6) listeners in quiet 
and in the presence of noise and reverberation.  Similar to Takata and Nábělek 
(1990), Rogers et al. found similar word recognition performance for both groups 
of listeners in the quiet environment and poorer performance for the bilingual 
listeners than for the monolingual listeners in the reverberant and noisy 
environments.  Thus, the additional lexical and phonological information provided 
by using words versus consonants did not eliminate the effects of bilingualism on 
the recognition performance of the bilingual listeners in noise, when listening in 
their second language.   
Redundancies or contextual cues can be further increased by stringing 
words together in sentences.  The use of sentences for speech recognition tasks 
typically presents a benefit to the listener by providing a larger number of 
contextual cues (syntactic, semantic, etc.) as compared to words in isolation.  
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Sentences have been the most popular type of stimuli used for speech-in-noise 
tasks because they better represent real world communication for most types of 
interactions.  The disadvantage of sentences is that they impose demands on 
working memory beyond those of simple speech recognition (by the need to 
remember multiple words).  
Mayo et al. (1997) studied the effects of bilingualism on speech-in-noise 
performance by comparing the performance of Spanish-English bilingual 
listeners and monolingual English listeners (n = 9) on sentences from the SPIN 
test.  Mayo et al. subdivided their bilingual group by age of acquisition of the 
second language.  The bilingual-since-infancy (BSI; n = 3) group had acquired 
both English and Spanish simultaneously starting in infancy; the bilingual-since-
toddler (BST; n = 9) group had acquired their second language by age six; and 
the bilingual-since-puberty (BSP; n = 9) group had acquired English after the age 
of 14 years.  In their study, Mayo et al. found that all groups (including the 
monolingual listeners) performed equally well when tested in quiet environments, 
and that all three groups of bilingual listeners performed poorer than the 
monolingual listeners when tested in noise.  In their study, the BSI and BST 
groups were not found to perform differently from each other and were therefore 
combined into what the authors called the "early bilingual" group (EB).  The EB 
group performed better than the BSP group when recognizing the sentences in 
noise and also showed better use of context.  Based on these results, the 
authors suggested that learning a second language at an early age was crucial 
for efficient high-level processing of that language.  Because even the earlier 
 20 
 
 
bilinguals could not achieve performance equal to that of the monolinguals, the 
authors also suggested that there appeared to be phonetic interference from the 
non-target language that further limited performance on the highly demanding 
speech-in-noise task. 
von Hapsburg, Champlin, and Shetty (2004) also used sentences to 
compare speech-in-noise performance of fluent Spanish-English bilinguals and 
monolingual English listeners.  The bilingual group, which was composed of 
listeners who had acquired English after the age of 10 years and were mostly 
Spanish-dominant, was tested using the HINT materials.  The results of this 
study were consistent with those from Mayo et al. (1997), showing that the 
bilingual and monolingual listeners performed equally well when tested in quiet.  
Bilingual performance, however, was three to four dB poorer than that of the 
monolingual listeners when tested in noise in terms of 50% correct.  von 
Hapsburg et al. suggested that poorer performance could be due to the constant 
interaction of the two phonetic systems within the bilingual brain during speech 
processing (Flege, 1999) which might result in slower processing (Soares and 
Grosjean,1984), and therefore, poorer performance. 
In summary, proficient bilingual individuals listening in a quiet environment 
have been shown to perform as well as monolingual listeners of their second   
language, even if age of acquisition of the second language is relatively late and 
whether or not contextual cues are available to aid in recognition.  However, 
when listening conditions are degraded, bilinguals have shown less accurate 
performance than that of monolingual listeners of that language.  These 
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performance disadvantages under degraded listening conditions occur even 
when bilinguals have a relatively early age of acquisition of the second language 
(by age 6 or earlier) and even when contextual cues are abundant (as in 
sentences). 
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Chapter Three 
 
Rationale for the Present Study 
 The effects of degraded listening conditions on bilingual speech 
recognition performance, as measured through sentences in noise may be partly 
attributable to the inability of non-native listeners to benefit from contextual cues 
in the same manner that native listeners do (Mayo et al., 1997; van Wijngaarden, 
Steeneken, & Houtgast, 2002).  The same reduction in performance, however, is 
also seen when contextual cues are not as abundant (e.g., in words or syllables), 
and therefore these effects cannot be solely explained by differences in the use 
of context alone.   
It could be possible that the poorer performance of bilingual listeners in 
speech recognition tasks in their second language may be related to deflected 
phonological boundaries for that language.  The Speech Learning Model 
proposed by Flege (1995) proposes that bilinguals sometimes deflect 
phonological boundaries for some phonemes in one or both languages in order 
to maintain phonetic contrast between categories in a shared phonological 
space.  Deflection of phonological categories occurs when an individual creates a 
phonetic category for a non-native sound that differs from the phonetic category 
of a native speaker of that language.  The deflection of phonological categories is 
thought to occur when two sounds are so similar in the native and non-native 
languages of a bilingual listener that separate phonological categories can not be 
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maintained.  As a result, either an intermediate category is formed or one or both 
categories are deflected away from their native positions in order to maintain a 
sufficient phonetic distance between them.   The non-native speaker’s deflected 
category may not match that of a native speaker of either the first or second 
language, resulting in a mismatch between listener expectations and native 
speaker input.  In speech-in-noise testing, degraded listening environments 
naturally reduce the number of acoustic cues available for speech recognition.  
The combined effects of phonological mismatch, which may cause more effortful 
processing and degraded listening conditions, in which fewer are available and 
processing is more difficult, could possibly account for the poorer speech 
recognition performance in noise seen in bilingual listeners when tested in their 
second language.  
Another explanation could be that the bilinguals’ lower performance in 
noise is due to the effects of cross-language competition in the bilingual brain.  
Even though the theories of spoken word recognition suggest that the bilingual 
brain is capable of controlling, to some degree, activation of the non-target 
language, they do not model the effects of the need to control activation under 
conditions of increased cognitive load (perhaps, due to degraded listening 
conditions).  Soares and Grosjean (1984) propose that there is a processing cost 
involved with the management of the two languages.  Degraded listening 
conditions could be considered an additional demand on speech recognition 
processing and therefore can be expected to disproportionately affect 
performance when combined with the costs of managing two languages.  If this 
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were the case, then one would then expect bilingual performance to be poorer 
than that of monolinguals in all speech recognition tasks involving degraded 
listening conditions, regardless of whether they are being tested in their first or 
second language.   
Although several studies suggest that even early bilingual listeners have 
poorer speech recognition performance in noise when tested in their second 
language, (Mayo et al., 1997; van Wijngaarden et al., 2002; von Hapsburg et al., 
2004; Rogers et al., 2006), none of the previously-discussed studies evaluated 
the effects of bilingualism on speech-in-noise performance in the first language.   
The focus of bilingual speech recognition research on performance in the 
second language might be due to the assumption that the native language of a 
bilingual listener is unaffected by the development and use of a second 
language.  Few studies have attempted to study speech recognition performance 
of bilingual listeners in their first language.   
Lopez, Martin, and Thibodeau (1997) compared the performance of 
Spanish-English bilingual listeners in the English and Spanish versions of the 
Synthetic Sentence Identification test (SSI; Speaks & Jerger, 1965; Benitez & 
Speaks, 1968).  Speech spectrum noise was added to the ipsilateral competing 
message of the test as a separate experimental listening condition in the study.   
The results from Lopez et al. showed that the bilingual listeners had better 
performance in the Spanish SSI as compared to the English version in the 
ipsilateral competing message condition and the ipsilateral competing message 
plus noise conditions.  In their conclusions, Lopez et al. did not attribute their 
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findings to Spanish being the native language of the listeners, but instead to fact 
that the Spanish version of the SSI included a greater number of pauses and 
syllables in the sentences, and to the structural differences between the two 
languages.  One can not compare bilingual data from Lopez et al. to monolingual 
data from other studies because the calibration data are not consistent across 
studies and the SSI is very sensitive to variations in calibration (Martin & Mussell, 
1979; Lew & Jerger, 1991; Lopez et al., 1997).  
A second study completed by Rosenhouse et al. (2006) evaluated the 
speech-in-noise recognition performance of Arabic-Hebrew bilinguals who had 
began acquiring Hebrew around 8 or 9 years of age. The participants were tested 
using CHABA (1986) sentences that were adapted for both Arabic and Hebrew. 
In this study, speech recognition performances for both the first and second 
languages of the bilingual listeners were compared using optimal and degraded 
listening conditions.  A monolingual group was not used for comparison in this 
study, however.  The results from this study showed that the bilingual listeners 
performed equally well in their first and second language when tested in quiet 
conditions, with speech spoken at a normal rate.  Participants showed poorer 
recognition performance in their second language for all conditions that included 
some form of degraded speech: quiet environment with fast rate of speech (15% 
poorer), noisy environment with normal rate of speech (13% poorer), and noisy 
environment with fast rate of speech (25% poorer).  Although it is possible that 
the participants in this study performed better in their native language than in 
their non-native language due to greater familiarity with their native language, 
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there are other factors that may have influenced performance.  For example, it is 
possible that the Arabic sentences were easier to recognize than the Hebrew 
sentences in the degraded listening conditions.  Even when care is taken to 
minimize differences between two language-equivalent versions of a test, 
however, the equivalency of the lists should be verified by comparing 
performance across young normal-hearing monolingual listeners of each 
language.  To address the effects of language differences, performance in each 
language could have been compared to that of monolingual listeners of both 
Hebrew and Arabic to determine if the participants had native-like recognition 
performance in either language. 
Due to the lack of monolingual comparison groups, the methodology 
utilized by Lopez et al. (1997) and Rosenhouse et al. (2006) to study speech 
recognition performance of bilingual listeners in their first and second languages 
did not allow for conclusions to be drawn regarding the effects of bilingualism on 
such a task.  Bilingual listeners must be studied in conjunction to monolingual 
listeners of each language in order effectively study the effects of bilingualism on 
first and second language speech recognition performance.     
Comparing bilingual speech recognition performance in noise in the first 
language to that of monolinguals will increase our scientific knowledge of the full 
effects of managing two languages.  Understanding the effects of bilingualism on 
speech recognition in the first language will also improve clinical practice in 
defining whether separate norms are required for both the first and second 
languages when testing bilingual patients.  
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Purpose 
The purpose of this study was to evaluate the effects of bilingualism on 
speech recognition in noise performance in the native and non-native language 
of young normal-hearing Spanish-English bilinguals.  Possible correlations 
between language background and speech-in-noise performance were also 
examined.  Speech recognition performance in noise was estimated by 
calculating the signal-to-noise ratio needed for 50% correct recognition in the 
speech-in-noise tests.   
Speech recognition performance in noise in the non-native language of 
the bilingual listeners was evaluated by comparing the WIN score (50% point) of 
Spanish-English bilingual listeners to that of monolingual English listeners.  
Bilingual performance in the native language was evaluated by comparing the 
Spanish Words-in-Noise test (S-WIN; Carlo, 2006) 50% point of Spanish-English 
bilingual listeners to that of monolingual Spanish listeners.   
Hypothesis 
The main hypothesis of this experiment was that speech recognition 
performance of the bilingual listeners would be poorer than that of the 
monolingual listeners in both their native and non-native languages.  The 
rationale for this hypothesis is based on previous findings which show that 
bilinguals, when tested in their second language, will have poorer speech-in-
noise performance than monolingual listeners.  Although early age of acquisition 
of the second language (by the age of five years) has been shown to play a 
significant role in reducing the bilingual disadvantage when listening in noise, 
 28 
 
 
even relatively early learners have shown poorer performance than monolinguals 
in their non-native language.  Since age of acquisition appears not to completely 
eliminate the bilingual disadvantage seen in speech-in-noise tasks, then one can 
hypothesize that the disadvantage is not entirely due to reduced phonological 
knowledge of the second language.  Note, however, that the number of bilingual-
since-infancy participants in most of the previous studies is very small; therefore, 
it is possible that bilinguals-since-infancy participants could perform similar to 
monolinguals of the second language if a larger sample size were obtained. 
Although performance in noise has been shown to improve with earlier 
age of acquisition, it is yet unknown if performance in the second language can 
improve to the point of matching the performance of a monolingual listener.  It is 
thus possible that something other than knowledge of the language accounts for 
the degraded speech-in-noise performance of bilingual listeners in their second 
language.  As discussed previously, there is evidence to support across-
language activation and competition during speech recognition tasks for bilingual 
listeners.  This across-language activation and competition is thought to increase 
the processing demands required for speech recognition, especially in difficult 
listening environments where fewer acoustic cues are available.  This increase in 
cognitive demand may result in decreased recognition performance in noise.  
The across-language interference is then the premise for the hypothesis of this 
experiment in that it would be expected to have an effect on both the native and 
non-native languages..   
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Chapter Four 
 
Method 
Participants 
 Participants were assigned to the following listener groups based on their 
self-reported language use and history: (1) monolingual Spanish listeners, (2) 
monolingual English listeners, and (3) Spanish-English bilingual listeners.  In 
order to participate in the study, individuals had to be between the ages of 18 
and 35, meet the language background criteria for one of the listener groups, and 
have normal hearing in the test ear.  In order to meet the language criteria for the 
monolingual listener groups, participants had to be monolingual speakers of 
either English or Spanish.  For the Spanish-English bilingual group, participants 
were required to have acquired Spanish as their first language and English as 
their second language.  The bilingual participants also had to report being fluent 
in speaking, understanding, reading, and writing in both Spanish and English.  
Individuals were excluded from participating in the study if they were unable to 
complete the task due to neurological or cognitive impairment, or did not meet 
the inclusion criteria.   
Monolingual English listeners.   Data for this listener group were obtained 
retrospectively from a research database (Wilson, McArdle, & Smith, 2007).  
Twenty listeners (6 males, 14 females) were selected from Wilson et al. based on 
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age to provide a group that was age-matched to the other two listener groups.  
Listeners ranged in age from 18 to 30 (mean = 25, SD = 3.1 years).  All listeners 
had normal hearing in the test ear (< 20-dB HL at octave frequencies 250 – 8000 
Hz; ANSI, 2004).   
Monolingual Spanish listeners.  Twenty (7 males, 13 females) participants 
between the ages of 19 and 33 (mean = 24.2, SD = 4.3 years) were recruited for 
this listener group from the University of Santa Paula in San Jose, Costa Rica.  
All participants had hearing thresholds < 20-dB HL at octave frequencies of 250 – 
8000 Hz (ANSI, 2004).  Listeners were native speakers of Spanish and did not 
report fluency in speaking, understanding, reading, or writing in any other 
language.   
 Spanish-English bilingual listeners.  Although 21 participants were 
originally recruited for this listener group, only data from 20 participants (5 males, 
15 females) between the ages of 18 and 34 years (mean = 25.2 years, SD = 4.3 
years) were utilized for analysis.  Bilingual participants were recruited at the 
University of South Florida, in Tampa and were self-reported native speakers of 
Spanish who learned English as a second language.  All bilingual participants 
reported fluency in speaking, understanding, reading, and writing in English, and 
had normal hearing at octave frequencies of 250 – 8000 Hz (< 20-dB HL; ANSI, 
2004).  One participant was withdrawn from the study after reporting that English 
was learned as a first language.   
A one-way ANOVA using listener group as the independent between-
subjects variable and age as the dependent variable revealed that the listener 
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groups did not differ significantly in age [F(2,59) = .4, p > .05].  Thus, the three 
listener groups can be considered age-equivalent. 
Test Materials 
 The focus of this study was the effects of bilingualism on speech 
recognition in noise performance.  Although sentences have been commonly 
used for speech-in-noise testing in bilingual research, sentence recognition is 
known to involve other cognitive tasks beyond simple word recognition 
(Wingfield, 1996).  Sentence recognition also involves other levels of processing 
such as the ability to recall the multiple words that were recognized and the 
ability to use top-down or contextual information.  Even though the direct effects 
of using sentences in bilingual research have not been studied, some data are 
available that suggest such effects.  Bilinguals have been shown to have 
disadvantages in memory tasks when tested in their second language but not in 
their first language (Harris, Cullum, & Puente, 1995).  This population has also 
been shown to have poorer word recall when completing a dual processing task 
in their second language as opposed to their first language (Gutiérrez, Calderón, 
& Weismer, 2004).  Lastly, bilinguals who acquire their second language before 
the age of five years have been shown to be more efficient at using context in 
sentences than those who acquired their second language later in life (Mayo et 
al., 1997).  In order minimize the possible confounding effects of sentence 
processing in bilingual speech-in-noise recognition performance, words were 
selected as the speech stimuli of choice for this experiment.   
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 English words-in-noise test.  The Words-in-Noise test (WIN; Wilson, 2003) 
is composed of two lists of 35 monosyllabic words spoken by a female talker, 
taken from lists 1-4 of the Northwestern University Auditory Test No.  6 (NU No.  
6; Tillman & Carhart, 1966).  Each 35-word list contains five words at each of the 
following signal-to-noise ratios: 24, 20, 16, 12, 8, 4, and 0 dB.  The WIN utilizes a 
descending paradigm where the level of the target words is reduced by 4 dB after 
every five words.  The task for the listener is to repeat the target word, which is 
preceded by the carrier phrase Say the word ___.  The WIN has been shown to 
be a valid measure of 50% correct recognition for listeners with normal hearing 
(Wilson, 2003).  Both lists of the WIN were used for this experiment.  List 1 was 
always presented before list 2.  See Appendix A for a list of the WIN words. 
 Spanish words-in-noise test.  The S-WIN is a recently developed Spanish 
version of the Words-in-Noise test that is composed of two lists of 35 bisyllabic 
words spoken by a female talker, taken from the Spanish Picture-Identification 
Task (McCullough & Wilson, 2001).  Bisyllabic words were chosen as test stimuli 
because the Spanish lexicon has relatively few monosyllabic words.  The S-WIN 
was modeled after the WIN in an attempt to create similar speech-in-noise tasks 
for the two languages.  As in the WIN, each 35-word list contains five words at 
each of the following signal-to-noise ratios: 24, 20, 16, 12, 8, 4, and 0 dB.  The S-
WIN also uses a descending paradigm with a fixed level of multitalker babble and 
a decreasing signal level after every five words.  The task for the listener is to 
repeat the target word, which is preceded by a carrier phrase, in this case Diga 
usted ____ (or Say _____).  A list of the S-WIN words is provided in Appendix B.  
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The S-WIN is the only Spanish words-in-noise test currently available.  The S-
WIN test has not yet been standardized as a valid measure of 50% point for the 
normal-hearing population, and therefore, scores obtained from this test can not 
be directly compared to scores from the WIN.  Both lists of the S-WIN were 
utilized for this experiment.  List 1 was always presented before list 2. 
 Monolingual language questionnaire.  A simple seven-item language 
questionnaire was administered to the monolingual Spanish speakers to 
document their language status and history. See Appendix C.  The questionnaire 
was intended to ensure that Spanish was the participants' first language, that 
participants were indeed monolinguals, and that they did not have any significant 
exposure to another language throughout their life.  
 Bilingual language questionnaire.  A methodological limitation of bilingual 
research studies throughout the literature involves inconsistencies in the 
description of the bilingual study participants (Grosjean, 1997).  In response to 
such limitations, von Hapsburg and Peña (2002) suggested that research on 
bilingualism should include a language profile of the participants that contained 
information on language status, language history, language competency, and 
language use.  For this study, the Language Experience and Proficiency 
Questionnaire (LEAP-Q; Marian, Blumenfeld, & Kaushanskaya, 2007) was 
administered to the bilingual participants (see Appendix D). The LEAP-Q is a 
self-assessment measure of language profile that was validated by its developers 
to be used in the bilingual and multilingual population as a reliable measure of 
language status.   
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Procedure 
Monolingual English listeners.   Data for the monolingual English listeners 
were obtained retrospectively by examining data collected and reported by 
Wilson et al. (2007).  Wilson et al. reported that the participants were tested in a 
double-wall sound booth in Mountain Home, Tennessee with the signal 
reproduced on a CD player (Sony, Model CDP-497), fed through an audiometer 
(GSI, Model, 61) to TDH-50P earphones encased in Telephonics P/N 510C017-1 
cushions. Speech materials were presented monaurally with the babble fixed at 
80-dB SPL with the non-test ear covered with a dummy earphone.  Because in 
Wilson et al. the authors were comparing performance of normal-hearing 
listeners to that of hearing-impaired listeners, they chose to use 80-dB SPL 
instead of the 70-dB SPL which is typically used as the presentation level for 
normal-hearing listeners on the WIN.  Although the presentation level used by 
Wilson et al. was 10 dB higher than the 70-dB SPL used in the present study, it 
has been shown that these two presentation levels do not yield performance 
differences for the WIN (Wilson, 2003).  Thus, presentation levels for all groups 
of listeners can be considered equivalent.   
In order to verify the reliability of the monolingual English data that was 
collected retrospectively, other studies with similar methodology were used for 
comparison.  Wilson (2003) reported that a group of 24 normal-hearing 
individuals tested under similar conditions as those reported by Wilson et al. 
(2007) also showed WIN average 50% point of 3.9-dB SNR (SD = 1.4 dB).  
Wilson, Abrams, and Pillion (2003) reported 50% point for two separate trials 
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using normal listeners on the WIN with the babble fixed at 60-dB SPL to be 4.1-
dB (SD = 1.4 dB) and 4.0-dB SNR (SD = 1.3 dB).  McArdle, Wilson, and Burks 
(2005) presented word recognition-in-noise data on 36 young listeners with 
normal hearing.  Retrospective analysis of their subject data revealed a mean 
performance across Lists 3 and 4 of the WIN (same words as in Lists 1 and 2 
with a different randomization) of 4.7-dB SNR (SD = 1.9 dB) with the babble 
presented at a fixed level of 80-dB SPL.  Considering the close similarity 
between these four reports of performance of the young, normal-hearing 
population, the data presented by Wilson et al. (2007) were considered to be 
appropriate for analysis in this study.  
Monolingual Spanish listeners.  Consented monolingual participants were 
seen in a single 15-minute test session.  A 20-dB HL hearing screening was 
performed for all octave frequencies from 250 to 8000 Hz to verify that hearing 
was normal in the test ear.  Test ear was counterbalanced so that half of the 
participants were tested using the right ear and half using the left ear.    
The participants completed the monolingual language questionnaire prior 
to speech testing.  Instructions for the speech task were read to the participants 
by the investigator.  As part of the instructions, participants were alerted of the 
presence of background noise during the test, and were encouraged to guess.  
The participants completed the two lists of the S-WIN test.  Responses were 
scored as correct or incorrect by the investigator on an answer sheet. 
Speech testing was completed in a single-wall sound booth at the 
Audiology clinic of the University of Santa Paula in Costa Rica, with the signals 
 36 
 
 
reproduced on a portable CD player (Panasonic, Model SL-S200), fed through an 
audiometer (Maico, Model MA53), and delivered to a TDH-49 headphone.  
Speech materials were presented monaurally with the multitalker babble fixed at 
70-dB SPL.  The non-test ear was covered with a dummy earphone.   
Spanish-English bilinguals.  Consented bilingual participants completed a 
single test session that lasted an average of 30 minutes.  Similar to the 
monolingual Spanish listeners, a 20-dB HL hearing screening was performed at 
octave frequencies from 250 to 8000 Hz in the test ear for all participants to verify 
that hearing was normal.  Test ear was counterbalanced for all participants so 
that half of the participants completed testing using their right ear and half 
completed testing using the left ear.    
The session consisted of completing the bilingual language questionnaire, 
a passage task, and lists 1 and 2 of the WIN and S-WIN tests.  For the passage 
task, a passage was read to the participants through the audiometer in the 
language in which the participant was going to be tested (see Appendix E).  The 
participants were asked to summarize the passage back to the investigator in the 
language in which the passage was read.  Since the passage task was not a 
memory task, but a language task, responses were not scored as correct or 
incorrect; instead, positive feedback was given to all subjects regardless of how 
much detail they included in their summary of the passage.  This task was 
completed in order to stimulate participants to switch to the "language mode" 
corresponding to the speech task in which they were going to be tested.  This 
procedure was based on the proposal from Soares and Grosjean (1984) that 
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bilingual listeners move within a language continuum as they hear and use each 
language.  The position the person assumes within that language continuum at 
the time of testing might play an important role in determining the costs of code-
switching.   
Following the passage, the investigator read the speech-in-noise test 
instructions to the participant in the same language in which the passage was 
read, which was the language of the speech test to follow.  Test instructions for 
the WIN and S-WIN are included in Appendix F.  The participants were instructed 
to listen to the female voice that would be asking them to say a word, and to 
repeat the word that they heard.  Participants were alerted that there would be 
noise in the background, similar to a restaurant environment.  Participants were 
encouraged to ignore the background noise and to concentrate on the female 
voice; they were also encouraged to guess when unsure.  Responses were 
scored as correct or incorrect on an answer sheet.  Once both lists of words were 
completed for one language, then the same procedures were repeated for the 
other language (i.e., passage, instructions, and speech test).  The order of the 
speech tests was counterbalanced so that half of the participants that were 
tested in the right ear received the WIN first, followed by the S-WIN, while the 
other half of the right-ear participants received the S-WIN first, followed by the 
WIN.  The same was true for the left-ear participants.    
Speech testing was completed in a single-wall sound booth at the 
Audiology department of the University of South Florida. The test signals were 
reproduced on a CD player (Marantz, Model CDR500/U1B), fed through an 
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audiometer (Interacoustics, Model  AC-40), and delivered to ER-3A earphones.  
Speech materials were presented monaurally with the multitalker babble fixed at 
70-dB SPL.  The non-test ear was covered with a dummy earphone. 
 
   
 
 
 
 
 39 
 
 
 
 
 
 
 
Chapter Five 
 
Results 
Language Questionnaires 
 The primary purpose of this study was to evaluate the effects of 
bilingualism on speech recognition by comparing speech-in-noise performance of 
Spanish-English bilingual listeners to that of monolingual English and 
monolingual Spanish listeners.  Prior to addressing the research question, 
descriptive analyses of the responses to the language questionnaires are 
presented.   
 Monolingual Spanish participants.  Descriptive data recorded from the 20 
monolingual Spanish participants’ responses to the language questionnaire are 
presented in Table 1.  All participants in this group reported learning Spanish as 
their first language and to have parents who spoke to them only in Spanish 
throughout their lives.  Eleven of the participants reported learning English in 
school, but only three reported actually being able to speak it.  When the 
participants were asked if they could understand any other language, four of 
them reported understanding English only if spoken very slowly to them, and 
three reported understanding it very little.   Only one participant reported 
spending extended periods of time with people who spoke another language.  
This interaction was reported to be with an aunt and grandmother who lived in 
the participant's home when she was growing up but whoncommunicated with 
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her mainly in Spanish.  None of the 20 participants considered themselves 
bilinguals.  
Table 1. Summary of responses for the monolingual language questionnaire. 
 
Question n Response
What is your first language? 20 Spanish
0 Other
20 Spanish
0 Other
11 Yes (English)
9 No
What other langauges do you speak? 3 English
17 No other language
4 Yes (English)
3 Very little (English)
13 No
1 Yes (English)
19 No
Do you consider yourself bilingual? 0 Yes
20 No
In what language did your parents speak to you 
when you were a child? 
Were you taught any other languages in 
school?
Do you understand conversations in any other 
language?
Have you interacted for extended periods of 
time with people who speak other languages?
 
 
 Bilingual participants.  A summary of the general responses from the 
LEAP-Q bilingual language questionnaire for the 20 participants are presented in 
Appendix G.  Data from the questionnaire revealed that all 20 participants 
learned Spanish as their first language.  Eleven participants described 
themselves as Spanish-dominant, and nine as English-dominant.  Four 
participants reported currently being exposed to Spanish more than 50% of the 
time, whereas 12 of the participants reported currently being exposed to English 
more than 50% of the time.  Only four participants reported being exposed to 
Spanish and English equally at this time in their lives.  Overall, the participants 
showed equivalent preferences for speaking English and Spanish; however, 
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there was a marked preference for reading in English over Spanish.  Overall, 
most of the participants (15) responded that they currently identify themselves 
with both the Hispanic and American culture; however, there was a slightly 
stronger identification with the Hispanic culture.  All participants reported having 
at least some college education.  Nine of the participants reported that they were 
born in the United States; two reported immigrating before age three, and nine 
immigrated between the ages of 10 and 23 years.   
All participants reported learning Spanish at or before age one, and 
becoming fluent by age 10.  Reading skills in Spanish were reported to have 
been learned and mastered by age ten by all participants.  Thirteen participants 
reported living in a Spanish-speaking country for at least five years, and only one 
participant reported never living with a Spanish-speaking family.  The participant 
that reported never living with a Spanish-speaking family also reported to have 
acquired Spanish at age 0 and English at age 4 and that family was the most 
important contributor to learning Spanish but not a contributor to learning English.  
It appears that this participant did live with a Spanish-speaking family and might 
have answered this question inaccurately on the questionnaire.  The participant 
was therefore retained in the study.  A majority of the participants (17) reported 
attending a Spanish-speaking school or work for at least 3 years. As far as self-
reported Spanish proficiency, all participants reported at least slightly more than 
adequate speaking proficiency, with 13 of those reporting excellent to perfect 
proficiency.  In understanding Spanish, all participants reported at least very 
good proficiency, and all except one participant reported at least good Spanish 
 42 
 
 
reading proficiency.   Across all bilingual participants, the strongest contributor to 
learning Spanish was reported to be the family, and the lesser contributor (as 
expected) was reported to be self-instruction.  Current exposure to Spanish was 
reported to be mainly through family members as opposed to through television, 
radio, reading, friends, or self-instruction.  Four of the bilingual participants 
reported themselves to have some to considerable foreign accent in Spanish, 
whereas the other 16 reported none to light accent, with a total of 17 participants 
reporting that they were never or almost never identified as a non-native Spanish 
speaker.   
In relation to the English language history of the bilingual group, the age of 
acquisition of English ranged from birth to 21 years of age.  Fluency in speaking 
and reading English was reported by most participants to be before the age of 15 
years.  Sixteen of the participants reported living in an English-speaking country 
between 6 and 30 years, and 19 of them spending between 4 and 34 years in an 
English-speaking school or work.  All participants rated themselves as having 
slightly more than adequate English speaking, reading, and understanding 
proficiency, with most of them reporting excellent to perfect proficiency in each 
area.    The main contributor to learning English was reported to be through 
friends, and most of the current English exposure was through friends, television, 
and reading.  Of the 20 participants, 13 reported their foreign accent in English to 
be none to light and being perceived as non-native English speakers less than a 
quarter of the time. 
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Speech-in-Noise Performance 
Speech recognition-in-noise performance was evaluated in terms of the 
signal-to-noise ratio at which listeners were estimated to understand 50% of the 
words presented.  The higher the signal-to-noise ratio required for 50% 
performance, the poorer the performance level.  Speech-in-noise data were 
averaged for Lists 1 and 2 of the WIN and the S-WIN for each participant.  
Individual 50% points within each group of listeners were averaged together to 
generate a mean 50% point for that group.   
To examine the recognition performances of the participants in each 
listener group, individual psychometric functions were calculated.  Separate 
functions were calculated for S-WIN performance for the monolingual Spanish 
and bilingual groups and for WIN performance for the monolingual English and 
bilingual groups.  Psychometric functions not only provide 50% point data, but 
they also provide a growth function across all performance levels plotted as a 
function of listening condition.  Functions for the individual participants were 
plotted for each speech-in-noise test (see Appendices H, I, J, and  K).  In order to 
produce the individual psychometric functions, performance data were analyzed 
using simple logistic regression.  The logit model was selected for this analysis 
based on the binary and qualitative nature of the dependent variable (recognition 
performance scored as correct or incorrect; MacKinnon, Lockwood, Brown, 
Wang, & Hoffman, 2007).   
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Slopes of the psychometric functions were calculated based on the output 
of the logit model utilizing the linear portion of the mean functions (20% - 80%).   
M = Y2 – Y1 
       X2 – X1 
or 
M = (performance at 80%) – (performance at 20%), 
60 
where 60 represents the difference between 80% and 20%.  The individual 
slopes of the participants were averaged together for each listener group for 
each speech-in-noise test.  Mean slopes are best represented by a mean 
psychometric function (Wilson & Margolis, 1983).  The mean functions for all 
listener groups are presented in Figure 1.   Mean functions were calculated by 
averaging the signal-to-noise ratio levels required for each performance level 
across all participants of a group.  The best-fit third-degree polynomials were 
utilized to fit the data for the dynamic portion of the function to obtain an 
estimated psychometric function of the mean performances (Hirsh, Davis, 
Silverman, Reynolds, Eldert, & Benson, 1952).  Overall, the slopes for the 
Spanish test appear to be steeper than the slopes for the English test.  The 
steeper slopes obtained with the S-WIN are not surprising since bisyllabic words 
are known to have steeper slopes than monosyllabic words (Hirsh et al., 1952).  
The slopes of the monolingual English and the bilingual groups on the WIN were 
not significantly different from each other t(38)= -1.11, p > 05. The S-WIN slopes 
for the monolingual Spanish and bilingual groups were not statistically different 
from each other either t(38) = -1.14, p > .05. 
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Although the main purpose of the mean functions is to represent the 
average slope of each listener group, it also shows estimates of performance 
data.  Based on the mean functions, performance on the S-WIN appears to be 
very similar for the monolingual Spanish and bilingual groups.  Performance on 
the WIN, however, was noticeably different for the monolingual English and 
bilingual groups.  Performance differences between the monolingual English and 
bilingual groups were the greatest for the most difficult listening condition (0-dB 
SNR).  
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Figure 1. Third-degree polynomial mean of psychometric functions for all 
listeners groups.  Recognition performance (%) is plotted as a function of 
listening condition (dB SNR). 
 
The WIN and S-WIN data were also analyzed using the Spearman-Kärber 
equation (Finney, 1952).  Although the polynomial 50% point obtained through 
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logistic regression provides the most accurate measure of 50% point, its clinical 
use is very limited since it involves elaborate statistical calculations.  The 
Spearman- Kärber equation, on the other hand, provides clinicians with a simple 
formula that has been shown to estimate the 50% point to within 1 dB of the 
actual value (Wilson, 2003).  The basic formula for the Spearman-Kärber 
equation is: 
50% = i + ½ (d) – (d)(# correct), 
                           w  
in which, i = initial presentation level (24-dB SNR), d = the attenuation step size 
(4 dB), and w = the number of items per decrement (5 words).  For the present 
study, the formula was simplified to: 
50% = 26 – (# correct)(0.8). 
 Retrospective analysis of data selected from Wilson et al. (2007) showed 
a mean Spearman- Kärber 50% point for the monolingual English participants on 
the WIN of 3.9 dB (SD = 1.1 dB).   The mean estimated 50% point for the 
monolingual Spanish listeners on the S-WIN was 6.4-dB SNR (SD = 0.9 dB).  
The bilingual listeners had a mean estimated 50% point on the WIN of 5.2-dB 
SNR (SD = 1.7 dB) and a mean estimated 50% on the S-WIN of 6.1-dB SNR (SD 
= 1.4 dB).  All estimated 50% points agree with the polynomial 50% point to 
within 0.6 dB.  Mean speech-in-noise performance data (calculated using 
polynomial functions and Spearman-Kärber 50% points) and slopes for each 
listener group are presented in Table 2.   
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Table 2. Mean and standard deviation for 50% performance (dB SNR) for each 
listener group as calculated with the Spearman-Kärber equation and polynomial 
functions.  Slopes (%/dB) for each listener group are also included. 
 
  
 
 
 
 
 
 
 
 
 
 
 
  
 
Statistical analysis of the WIN and S-WIN data for the three listener 
groups was completed using two separate independent-samples t-tests.  These 
analyses were completed in order to compare bilingual listener performance in 
each language with that of the monolingual listeners for each test.  The first 
independent-samples t-test was completed for the English data, where listener 
group was the independent variable (monolingual English vs. bilingual) and 
performance on the WIN was the dependent variable (dB SNR for 50% correct).  
A significantly higher 50% point signal-to-noise ratio was obtained for the 
bilingual listeners than for the monolingual English listeners on the WIN t(38) =    
-3.12, p < .01.  The pooled standard deviation (1.4 dB) was used to calculate the 
Cohen's d, which yielded a large effect size of .91.   
The second independent-samples t-test compared performance on the S-
WIN, using listener group as the independent variable (monolingual Spanish vs. 
bilingual) and performance on the S-WIN as the dependent variable.   No 
 
WIN S-WIN 
Monolingual English  
SK Mean 3.9 (1.1) 
Poly Mean  3.3 (1.3) 
Slope 7.1 
Bilingual 
SK Mean  5.2 (1.7) 6.1 (1.4) 
Poly Mean  5.0 (1.6) 6.2 (1.3) 
Slope 7.6 10.9 
Monolingual Spanish  
SK Mean 6.4 (0.9) 
Poly Mean  6.3 (1.0) 
Slope 9.9 
 48 
 
 
significant difference in 50% point was found between the two groups on the S-
WIN t(38) = .74, p > .05.  Cohen's d for this analysis yielded a small effect of .25, 
using a pooled standard deviation of 1.18 dB.   
Further Analysis of Bilingual Performance 
  Figure 2 is a bivariate plot of the individual 50% points for the 20 bilingual 
listeners on the S-WIN (abscissa) and WIN (ordinate).  The mean performance for 
the bilingual listeners is indicated with a filled circle.  The mean 50% point for the 20 
monolingual Spanish listeners is indicated with a triangle on the abscissa, and the 
mean 50% point for the 20 monolingual English listeners is marked with a square on 
the ordinate.  One standard deviation above the monolingual mean for each group is 
marked with an error bar on the axis.  Jittering had to be applied to two sets of 
overlapping data points in the graph for display purposes.  Jittering was completed 
by adding .04 to the S-WIN score to one of the overlapping data points and 
subtracting .04 from the other overlapping data point.  Data points that deviate from 
the diagonal line indicate that performance was not equivalent between the two 
tests.  In general, 50% points were higher for the S-WIN than for the WIN.  The 
relation between the results of the two tests is for the most part circumstantial due to 
the variety of differences between the two sets of materials.  Some of the differences 
between the S-WIN and WIN materials are the differences in phonological and 
grammatical structures of the languages, the speaker differences between the two 
tests, and the use of bisyllabic versus monosyllabic words.  Exploring the differences 
between the two test materials is beyond the scope of this experiment and should be 
addressed in a separate study.   
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 The data displayed on the bivariate plot show that only 8 bilinguals scored 
less than one standard deviation above the monolingual English mean for the WIN, 
while 17 bilinguals scored less than one standard deviation above the monolingual 
Spanish mean for the S-WIN.  The specific data points that fell more than one 
positive standard deviation above the mean for the S-WIN were analyzed with 
regards to the listeners’ language backgrounds in an attempt to find any language 
background relationship or pattern that could account for such performance.  No 
patterns related to acquisition or use of either language could be identified for the 
three bilinguals that scored more than one standard deviation above the monolingual 
mean for the S-WIN.   
 For the WIN data, the specific data points that were less than one standard 
deviation above the mean for the WIN were also analyzed with regards to the 
listeners’ language background.  Interestingly, all 8 of the bilinguals who scored 
within one standard deviation of the monolingual mean for the WIN had acquired 
their second language before the age of five years.   
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Figure 2.  Individual data points (open circles) for the bilingual speech-in-noise 
recognition performance for the S-WIN (abscissa) and WIN (ordinate) tests.  
Mean performance for the bilingual (filled circle), monolingual English (filled 
square), and monolingual Spanish (filled triangle) groups are also shown.  One 
positive standard deviation for the monolingual English and monolingual Spanish 
means are represented by the error bars on the corresponding axes. 
 
 Because the age of acquisition is of interest in a study of bilingual speech 
recognition performance (e.g., Mayo et al., 1997), the bilingual group was subdivided 
into early and late bilinguals based on age of acquisition of their second language 
and statistical comparisons were made.  Early bilinguals were defined as those who 
acquired their second language by the age of five years, and later bilinguals as 
those who acquired it after the age of five years. The 11 early bilinguals had 
estimated 50% points of 4.3-dB SNR (SD = 1.5 dB) for the WIN and 5.6-dB SNR 
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(SD = 1.2 dB) for the S-WIN.  The 9 late bilinguals had an estimated mean 50% 
point of 6.4-dB SNR (SD = 1.0) on the WIN and 6.8-dB SNR (SD = 1.3 dB) on the S-
WIN.  The early bilinguals performed significantly better than the late bilinguals on 
the WIN t(18) = -3.86, p < .01, but not significantly differently on the S-WIN t(18) = -
1.95, p > .05.  When compared to the monolingual listeners, the early bilinguals did 
not perform significantly differently from the monolingual English listeners on the 
WIN t(29) = -.86, p > .05, nor from the monolingual Spanish listeners on the S-WIN 
t(29) = 1.98, p > .05.  The late bilinguals performed poorer than the monolingual 
English listeners on the WIN t(27) = -6.2, p < .01 and did not perform significantly 
differently from the monolingual Spanish listeners on the S-WIN t(27) = -.82, p > .05. 
 During further examination of the early bilingual participants, it was noted that 
6 of the 11 early bilinguals had begun learning English between the ages of zero and 
three years of age, and all six of those participants scored less than one positive 
standard deviation from the mean of the monolingual English score for the WIN.  Of 
the resulting five early bilinguals (the ones who had begun learning English between 
the ages of four and five years of age), two scored less than one positive standard 
deviation from the monolingual WIN, and three scored more than one positive 
standard deviation from the mean.  Thus, the toddler bilinguals (acquired their 
second language between 0 and 3 years of age) were also found to perform 
significantly better t(9) = -2.35, p < .05] than the preschool bilinguals (acquired their 
second language between 4 and 5 years of age) with estimated mean 50% points of 
3.5-dB SNR (SD = 1.0) and 5.2-dB SNR (SD = 1.4) respectively.  Neither of these 
groups performed differently from the monolingual English group on the WIN, 
 52 
 
 
however.  A summary of mean performances (with standard deviations in 
parenthesis) and independent-sample t-tests for the groups and subgroups is 
provided in Table 3. 
Table 3.  Summary tables.  Mean Spearman-Kärber 50% recognition performance 
for all groups and subgroups are presented in the top panel with standard deviations 
indicated in parentheses.  Independent-samples t-tests are presented in the bottom 
panel along with the two independent variables and one dependent variable for each 
analysis. 
 
Listener Group n WIN S-WIN
monolingual Spanish 20 6.4 (.9)
monolingual English 20 3.9  (1.1)
bilinguals 20 5.2 (1.7) 6.1 (1.4)
early bilinguals 11 4.3 (1.5) 5.6 (1.2)
late bilinguals 9 6.4 (1.0) 6.8 (1.3)
toddler bilinguals 6 3.5 (1) 5.3 (1.3)
preschool bilinguals 5 5.2 (1.4) 6 (1.2)  
 
IV Level 1 IV Level 2 DV df t  value p value
bilingual monolingual English WIN 38 -3.12 0.003
bilingual monolingual Spanish S-WIN 38 0.74 0.47
early bilinguals late bilinguals WIN 18 -3.86 0.001
early bilinguals late bilinguals S-WIN 18 -1.95 0.07
early bilinguals monolingual English WIN 29 -0.86 0.4
early bilinguals monolingual Spanish S-WIN 29 1.98 0.06
late bilinguals monolingual English WIN 27 -6.2 < 0.0005
late bilinguals monolingual Spanish S-WIN 27 -0.82 0.42
toddler bilinguals preschool  bilinguals WIN 9 -2.35 0.04
toddler bilinguals preschool  bilinguals S-WIN 9 -0.93 0.38
toddler bilinguals monolingual English WIN 24 0.8 0.43
preschool bilinguals monolingual English WIN 23 -2.34 0.03  
 
 
Language Factor Correlation and Regression Analyses 
Pearson’s r correlation analyses between the WIN scores of the bilingual 
listeners and specific language data from the LEAP-Q were performed to 
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examine relationships between language profile and performance on the WIN.  
The following language variables extracted from the bilingual questionnaire were 
found to be significantly correlated (p < .05) with the WIN scores: percent of 
current exposure to English (r = -.49), age at time of immigration (r = .54), age of 
acquisition (r = .71), age participant became fluent in speaking English ( r = .62), 
number of years spent in an English-speaking country (r = -.66), and time spent 
in an English-speaking school or work environment (r = -.74).   Further analysis 
revealed that all of the language factors examined, except for percent of current 
exposure to English, were significantly correlated with each other (p < .05).   
 Regression analysis by forced entry of all six variables showed that years 
spent in English-speaking country, age at time of immigration, and age 
participant became fluent in English did not contribute significantly to the model.  
The model that best accounted for the variance in WIN scores for the bilingual 
listeners was one that included the time spent in an English-speaking school or 
work environment and percent of current exposure to English.  This model 
accounted for 60% of the variance on the WIN scores for the bilingual listeners.  
Adding the other remaining variable to the model (age of acquisition) only 
accounted for an additional 2% of the variance, and therefore was eliminated.  
Percent of current exposure to English only accounted for 20% of the variance 
(by itself), while age of acquisition and time spent in an English-speaking school 
or work each accounted for 47% and 53% of the variance, respectively.  Because 
age of acquisition was markedly related (Franzblau, 1958) to time spent in an 
English-speaking school or work (r = -.65, p < .01), however, its addition to the 
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model did not contribute as significantly as did the addition of percent of current 
exposure to English, which was not correlated to time spent in an English-
speaking school or work (r = .28, p > .05). 
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Chapter Six 
 
Discussion 
 
In this study, the speech recognition in noise performance of bilingual listeners was 
measured in both their native and non-native languages and compared to the 
performance of age-matched monolingual listeners of each language.  Previous 
literature has shown that bilingual listeners perform poorer on speech-in-noise tasks 
than monolingual listeners of their second language.  However, no previous reports 
were found comparing the speech-in-noise performance of bilingual listeners to that 
of monolingual listeners of their first language.   
 Language questionnaires were administered to the monolingual Spanish and 
bilingual groups in order to document their language backgrounds.  Data from the 
monolingual Spanish language questionnaire confirmed that this listener group was 
indeed composed of monolingual Spanish listeners.  Although some listeners had 
learned English at some point in their lives, none considered themselves bilinguals, 
or could communicate effectively in English or any other language.  The small 
standard deviation observed in the estimated 50% point recognition performance of 
this language group (1 dB), supports the idea that it was a homogenous group of 
monolingual Spanish listeners.   
 Data from the LEAP-Q bilingual questionnaire revealed that the bilingual 
listener group was composed of Spanish-English bilinguals of diverse backgrounds 
and language histories.  As expected, the standard deviations for the bilingual 
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listeners on both the WIN (1.7 dB) and S-WIN (1.4 dB) tests were higher than for 
either monolingual group.  Higher standard deviations indicate that the bilinguals 
were a more heterogeneous group.   
 In regards to speech recognition performance, the Spanish-English bilingual 
group performed significantly poorer than the monolingual English group, but equally 
to the monolingual Spanish group.  Poorer bilingual performance in the non-native 
language was consistent with previous findings that show that bilinguals, as a group, 
perform poorer in their second language than monolingual listeners of that language 
when listening conditions are degraded.  The bilingual performance observed in the 
native language, although not surprising, did not support the hypothesis that the 
bilingual listeners would perform poorer than the monolingual listeners in both their 
first and second languages.   
 Since the effects of bilingualism were only observed in the second language, 
then it appears that the speech-in-noise disadvantage that has been systematically 
reported in the non-native language of bilinguals may not necessarily be related to 
language competition.  On the other hand, the effects of language competition that 
have been previously documented (Spivey & Marian, 1999; Colomé, 2001; Marian & 
Spivey, 2003) through measures of reaction time and eye tracking, may too subtle to 
be measured through a word recognition task such as the one used in the current 
study, particularly given the differences in age of onset of acquisition of English 
among the bilingual listeners used in the present study.  In fact, as will be discussed 
later in this section, when the bilinguals were subdivided according to their age of 
acquisition of English, some interesting but not statistically significant patterns of 
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performance in the first language began to emerge.   
 Another explanation for the lack of performance differences in Spanish found 
for the monolingual Spanish listeners and the Spanish-English bilingual listeners 
could be that some aspects of language competition, such as the suppression of the 
non-target language are easier to control when the target language is the native 
language.  It could also be that processing in the native language remains faster and 
more automatic than in the non-native language so that any effects of language 
competition are harder to see.  If this were the case, then it could explain why 
performance was poorer in the non-native language but not in the native language.  
The effects of bilingualism on speech-in-noise recognition of the second language 
that were measured in this study might also be due to differences in structure of 
phonetic categories for the second but not the first language, thus negatively 
influencing performance in the second but not the first language.   
 Dividing bilingual listeners into subgroups based on age of acquisition of the 
second language has shown that age of acquisition accounts, to some extent, for 
poorer speech-in-noise recognition performance in the second language.   Mayo et 
al. (1997) and Meador, Flege, and MacKay (2000) both found that early bilinguals 
performed better than late bilinguals on a sentences-in-noise task in their second 
language.  It should be noted, however, that Mayo et al. and Meador et al. classified 
their early and late bilinguals somewhat differently by identifying early bilinguals as 
those who has begun learning English by the ages of 5 and 7, respectively.  These 
two studies also compared early and late bilinguals’ performance to that of 
monolingual listeners of the second language and found that even the early 
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bilinguals were not able to perform as well as the monolingual listeners.  Rogers et 
al. (2006) used a words-in-noise task to compare speech-in-noise performances of 
early bilinguals (defined as those who had acquired the second language by the age 
of 5) to that of monolingual listeners of their second language.  Their study also 
showed that the early bilinguals were unable to perform as well as monolingual 
listeners of their second language. 
 In the current study, the group of bilinguals with varying ages of onset of 
acquisition of English was subdivided into early and late learner subgroups based on 
age of acquisition of English (before or after the age of five years).  Similar to 
previous reports, the early bilinguals performed better than the late bilinguals in the 
second language.  In the current study, however, the average signal-to-noise ratio 
for 50% correct performance obtained for the early bilinguals did not differ 
significantly from that obtained for the monolingual listeners of the second language.  
The more equivalent performance found in the present study, compared to previous 
studies may be due to a number of factors.  With regard to the studies that used 
sentences, it is possible that the higher level of processing required for sentence 
processing could account for the differences in performance seen between the 
current study and the ones from Mayo et al. (1997) and Meador et al. (2000).   
 Both the present study and Rogers et al. (2006) used a words-in-noise task, 
however the stimuli used in the two studies also differed on a number of dimensions, 
including the speakers’ gender, the words selected (W-22 vs. NU-6 words), the 
calibration method (RMS amplitude vs. peak amplitude), the type of background 
noise used (speech-spectrum noise vs. multitalker babble) and the signal-to-noise 
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ratios tested.   All of these factors have been shown to affect the psychometric 
function of a speech test (e.g. Wilson & Oyler, 1997; Wilson & Strouse, 1999; 
Wilson, Carnell, & Cleghorn, 2007).  Any of these factors may account for some of 
the differences found between the two studies. 
 Although the early bilingual group in the current study performed statistically 
similar to the monolingual English group, it was noted that within the 11 early 
bilinguals, 3 of them scored higher than one standard deviation above the mean of 
the monolingual English group on the WIN.  It was also noted that those three 
participants had acquired the second language between the ages of four and five 
years.  As a consequence, the early bilinguals were further subdivided into toddler 
and preschool bilinguals based on age of acquisition.  The additional subdivision 
created groups that were significantly different from each other in their performance 
on their second language but neither of which differed significantly in performance 
from the monolingual English participants.  All of the participants in the toddler group 
performed less than one standard deviation above the mean of the monolingual 
English group; in fact, the average signal-to-noise ratio obtained for 50% correct 
recognition performance for this sub-group is smaller than that obtained for the 
monolingual English group as a whole.     
 Since the overall bilingual performance on the S-WIN was not significantly 
different from that of the monolingual Spanish listeners, it was suggested that no 
effects of bilingualism were measurable in the native language of the bilinguals in 
this study.  Upon subdivision of the bilingual group based on age of acquisition, an 
interesting separation in performances emerged.  Although not statistically 
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significant, the average signal-to-noise ratio obtained on the S-WIN for 50% correct 
recognition was 1.2 dB lower for the early Spanish-English bilinguals than for the 
later bilinguals.  The large effect size (d = .96) and medium power (.69) of this 
analysis suggests that if this study were to be repeated with a larger sample size, 
perhaps these sub-groups would perform statistically differently from each other.  
Differences in S-WIN performance between the toddler and preschool bilinguals 
were not as prominent but still worth mentioning (0.7 dB difference in performance 
with an effect size of .56 and power of .24).   
 It is possible then that there are some effects of bilingualism in first language 
speech-in-noise recognition performance of bilingual listeners that can be measured 
through a word-in-noise task such as the one used in this study.  Perhaps bilinguals 
who acquire a second language at an early age become better at suppressing the 
non-target language during speech recognition tasks than those who acquire it at a 
later age.  Better suppression of the non-target language should then result in easier 
speech recognition in the target language due to less across-language competition. 
 The study of bilingual listeners has been a source for controversy due to the 
heterogeneous nature of language backgrounds and proficiencies that can be seen 
in any group of bilinguals (Grosjean, 1998; von Hapsburg & Peña, 2002).  The 
separation of bilinguals based on age of acquisition has provided more stability to 
such issue by limiting the variability within the bilingual groups.  Based on the 
findings of the current study, it appears that the use of age five as the cutoff age for 
the popular early bilingual group may not be sufficient in separating performance 
differences in these listeners.  Perhaps early bilinguals should be subdivided into 
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smaller categories like toddler bilinguals and preschool bilinguals to provide more 
homogeneous groups of listeners (cf. also Mayo et al., 1997).  Regardless of how 
one chooses to divide bilingual groups for speech-in-noise research, the most 
important factor is that the language background of the participants (e.g., age of 
acquisition of the second language) is explicitly stated.  As it has been shown in this 
and other studies, language factors influence speech recognition performance in 
noise in complex ways. 
Limitations and Future Research 
 Two main findings of this study deserve further exploration.  First, it should be 
determined if the earliest bilinguals indeed are able perform at the level of 
monolingual listeners when listening in the second language during a words-in-
babble paradigm by replicating the findings of the current study.  A larger pool of 
participants should be used in future studies for the toddler and preschool bilinguals 
in order to explore potential differences in performance between the two groups and 
to compare their performance to that of monolingual listeners of the second 
language.  Second, this study should be replicated with a larger sample size to study 
possible effects of age of acquisition and bilingualism on the native language of 
bilinguals when completing a speech-in-noise task.   
 The use of the S-WIN and WIN to study Spanish-English bilinguals provided a 
language-equivalent task for the two languages that yielded understandably similar 
results.  The S-WIN, however, should be validated and normed for the native 
Spanish-speaking population and its sensitivity to differentiate between listeners with 
normal hearing and listeners with hearing loss should also be evaluated in order to 
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make it a clinically useful tool for the assessment of native Spanish-speaking 
patients.   
Research and Clinical Implications 
 Until definite conclusions can be reached regarding the effects of bilingualism 
on speech recognition in noise performance, caution should be used with all 
bilinguals (regardless of age of acquisition) in clinical Audiology.  Although speech-
in-noise measures can aid in the rehabilitation of these patients, the diagnostic 
interpretation of these results is uncertain.  In general, it appears that young normal-
hearing Spanish-English bilingual patients assessed with English speech-in-noise 
tests will score as if they had a signal-to-noise ratio loss.  Given that the bilingual 
listeners did not differ in performance from the monolingual Spanish listeners but did 
differ from the monolingual English listeners, then testing bilingual patients in their 
second language may overestimate the speech-in-noise recognition ability relative to 
the first language.  Furthermore, if these differences are in fact the result of 
bilingualism (due to any of the myriad potential explanations explored here), then 
extra caution must be used clinically when interpreting these differences before the 
language background-based differences are well understood.   
 Special norms for the second language of bilingual listeners should be 
created in order to maintain the validity of the results of clinical tests.  Results from 
the current study suggest that young normal-hearing Spanish-English bilinguals who 
acquired English within the first three years of life can be tested using the WIN 
without the need of special norms.  Future research will determine if bilingual 
individuals who acquired their second language by the age of three can be expected 
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to perform within the norms for monolingual listeners of their second language in 
other clinical speech-in-noise tests, as well.  If the toddler bilinguals are not shown to 
perform within monolingual norms for their second language in the WIN or other 
clinical speech-in-noise tests, special norms will have to be created for this group of 
listeners as well.   
 The observation that the difference between the performance of the 
bilingual and monolingual English listeners grew as the listening condition 
became more difficult may have implications for the bilingual hearing-impaired 
population.  Hearing-impaired individuals typically have 50% points on the WIN 
that are 6 to 9 dB higher than that of the normal-hearing population (Wilson, 
2003).   Perhaps the bilingual hearing-impaired population will show even greater 
effects of bilingualism in second-language speech-in-noise recognition than the 
bilingual normal-hearing population since they will be exposed to a greater 
number of challenging listening conditions.  It should also be mentioned that 
although the early bilinguals did not differ significantly in from the monolingual 
English listeners in their estimated 50% correct recognition points, it is possible 
that they differed in performance in other regions of the psychometric function, 
such as at 0-dB SNR.  Clinically, 50% points are used for assessment since it is 
not practical to construct psychometric functions for all patients.  In future 
bilingual research, however, it might be of value to examine differences in 
performance at the different points in the function as it may show that bilingual 
hearing-impaired listeners need special counseling regarding increased effects of 
bilingualism with greater degradation of the listening environment.   
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Appendix A:  Score sheet WIN 
Subject: _________
1 pain 16 hate 31 gaze
2 youth 17 shack 32 life
3 wheat 18 tool 33 get
4 dodge 19 voice 34 read
5 cool 20 rush 35 bath
6 ditch 21 turn
7 ring 22 young
8 kick 23 bite
9 chair 24 pick
10 luck 25 half
11 base 26 far
12 wire 27 learn
13 red 28 mood
14 time 29 talk
15 judge 30 note
1 food 16 good 31 back
2 road 17 search 32 dab
3 juice 18 pass 33 kill
4 late 19 witch 34 nice
5 hire 20 chief 35 calm
6 tire 21 sour
7 such 22 doll
8 shawl 23 deep
9 haze 24 soap
10 gun 25 make
11 live 26 beg
12 date 27 mess
13 gas 28 long
14 have 29 mouse
15 dog 30 sheep
      Channel A track 12: WIN list 1
24-dB SNR 12-dB SNR 0-dB SNR
20-dB SNR 8-dB SNR
16-dB SNR 4-dB SNR
       Channel A track 13: WIN list 2
24-dB SNR 12-dB SNR 0-dB SNR
20-dB SNR 8-dB SNR
16-dB SNR 4-dB SNR
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Appendix B: Score sheet S-WIN 
Subject: _________
1 casa 16 masa 31 zorro
2 ladrón 17 papa 32 boda
3 pico 18 comer 33 barca
4 llama 19 canta 34 coca
5 nota 20 ronca 35 rosa
6 hueso 21 roja
7 piso 22 bata
8 ojo 23 peso
9 cabra 24 ratón
10 jamón 25 viña
11 correr 26 ala
12 manta 27 jota
13 tono 28 oso
14 niña 29 barra
15 bastón 30 boca
1 trono 16 santo 31 saco
2 ocho 17 mapa 32 oro
3 mesa 18 moto 33 piña
4 cama 19 roca 34 bola
5 balcón 20 queso 35 toro
6 ropa 21 riña
7 mono 22 capa
8 dama 23 pala
9 misa 24 sapo
10 caña 25 besa
11 balón 26 bota
12 carne 27 carga
13 lloro 28 cono
14 roto 29 fresa
15 coser 30 mala
       Channel B track 2: S-WIN list 1
24-dB SNR 12-dB SNR 0-dB SNR
20-dB SNR 8-dB SNR
16-dB SNR 4-dB SNR
     Channel B track 3: S-WIN list 2
24-dB SNR 12-dB SNR 0-dB SNR
20-dB SNR 8-dB SNR
16-dB SNR 4-dB SNR
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Appendix C:  Monolingual Spanish language questionnaire 
Cuestionario de Lenguaje 
 
1. Cual es tu primer idioma?   _____________________ 
2. Que otro idiomas hablas? _______________________ 
3. Te han enseñado algún otro idioma en la escuela?  Si ___  No___   
Cual? ____________ 
4. Entiendes conversaciones en algún otro idioma?  Si ____ No ____   
Cual? ____________ 
5. En que idioma te hablaban tus padres cuando pequeño? _______ 
6. Has compartido con personas que hablen otros idiomas a través de tu vida?       
Si ___ No ___  Explica:________________________ 
7. Te consideras bilingüe? Si ___   No ___ 
 
 
 
 
TRANSLATION (for manuscript purposes) 
 
1. What is your first language?  
2. What other languages do you speak? 
3. Where you taught any other language in school?  
4. Do you understand conversations in another language?  
5. In what language did your parents speak to you when you were a child? 
6. Have you interacted with people who spoke other languages throughout your 
life? 
7. Do you consider yourself bilingual? 
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Appendix D:  Bilingual language questionnaire 
 
Language Profile 
Adapted from Marian, Blumenfeld, & Kaushanskaya (2007).  The language 
experience and proficiency questoinnaire (LEAP-Q): Assessing language profiles 
in bilingulas and multilinguals. Journal of Speech Language and Hearing 
Research, 50, 940-967. 
 
1. List all the languages you know in order of dominance: 
____________________      ___________________    __________________ 
 
2. List all the languages you know in order of acquisition: 
 ____________________     _____________________      _________________ 
 
3. What percentage of the time are you currently on average exposed to: 
   Spanish: ___________________       English: ______________________ 
 
4. When choosing to read a text available in all languages, in what percentage of 
cases would you choose to read it in each of your languages? Assume that the 
original was written in another language, which is unknown to you. (Must add up 
to 100%) 
    Spanish: ___________________      English: ______________________ 
 
5. When choosing a language to speak with a person who is equally fluent in all 
your languages, what percentage of time would you choose to speak each 
language? Please report percent of total time. 
    Spanish: ___________________      English: ______________________ 
 
6. Please name the cultures with which you identify. Use scale # 1 to rate the 
extent to which you identify with each culture.  (Example: American, Chinese, 
Jewish-Orthodox) 
   ___________________(__)    ________________(__)   _______________(__) 
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Appendix D (Continued) 
7. How many years of formal education do you have? __________ 
    What is the highest education level you have achieved: 
    ___ Less than High School  ___ Some college          ___ Masters 
    ___ High School    ___ College           ___ Doctorate 
    ___ Professional training  ___ Some graduate school   
    ___ Other: _________________ 
 
8. Date of immigration to the USA: ______________________   N/A 
If you immigrated to another country, when and where did you immigrate 
to?_______ 
 
9. Have you ever had:   ____ vision problems   ____ hearing impairment   ____ 
learning disability       ____ language disability?         
Explain any corrections: ________________ 
 
10. At what age did you begin acquiring Spanish?   ______ 
         Became fluent in Spanish? ______ 
                                       Began reading in Spanish? ______ 
                                       Became fluent in reading in Spanish? _________ 
 
11. How many years & months did you spend:  
                                           In a country where Spanish was spoken?____ 
                                           With a family where Spanish was spoken?  ____                                                                                        
                                           At a school/work where Spanish was spoken? ____ 
 
12. Scale 2; rate your level of proficiency in speaking Spanish: _____ 
                                                                       Understanding Spanish: _____ 
                                                                        Reading Spanish: _____ 
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Appendix D (Continued) 
13. Scale 3; rate how much:  
                            Interacting with friends contributed to you learning Spanish:___ 
                            Interacting with family contributed to you learning Spanish:___ 
                            Reading contributed to you learning Spanish: ___ 
                            Language tapes/self instruction contributed to you learning  
                                                                                                             Spanish:___ 
                            Watching TV contributed to you learning Spanish: ____ 
                    Listening to the radio contributed to you learning Spanish: ____ 
 
14. Scale 4; to what extent are you currently exposed to Spanish:  
                        Through interacting with friends? _____ 
                        Through interacting with family? _____ 
              Through watching TV? _____ 
              Through listening to radio/music? _____ 
              Through reading? _____ 
              Through language lab/self-instruction? _____ 
 
15. Scale 5, in your perception, how much of a foreign accent do you have in  
       Spanish?_____ 
 
16. Scale 6, how frequently do others identify you as a non-native speaker based  
      on your accent in Spanish?_____ 
 
17. At what age did you begin acquiring English?   ______ 
      Became fluent in English? ______ 
                                    Began reading in English? ______ 
                                    Became fluent in reading in English? _________ 
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Appendix D (Continued) 
18. How many years and months did you spend:  
                                                   In a country where English was spoken?_____ 
                                                   With a family where English was spoken?____  
                                                   At a school/work where English was spoken?___ 
 
19. Scale 7; rate your level of proficiency in speaking English: _____ 
                                                                       Understanding English: _____ 
                                                                        Reading English: _____ 
 
20. Scale 8; rate how much: 
                               Interacting with friends contributed to you learning English:__ 
                               Interacting with family contributed to you learning English:___ 
                               Reading contributed to you learning English: ___ 
                               Language tapes/self instruction contributed to you learning  
                                                                                                            English:___ 
                               Watching TV contributed to you learning English: ___ 
           Listening to the radio contributed to you learning English: ___ 
 
21. Scale 9; to what extent are you currently exposed to English through: 
                                                               Interacting with friends? ____                                
              Interacting with family? _____ 
                                                               Watching TV? _____ 
              Listening to radio/music? _____ 
              Reading? _____ 
              Language lab/self-instruction? _____ 
 
22. Scale 10, in your perception, how much of a foreign accent do you have in 
English?_____ 
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Appendix D (Continued) 
23. Scale 11, how frequently do others identify you as a non-native speaker 
based on your accent in English? _____ 
 82 
 
 
Appendix D (Continued) 
Scale 1: 
 
0 – No identification 
   1 – Very low identification 
2 
   3 
   4 
   5 – Moderate identification 
   6 
   7 
   8 
  9 
   10 – Complete identification 
 
 
 
 
Scale 2: 
 
0 – None              
   1 – Very Low    
2 – Low 
   3 – Fair 
   4 – Slightly less than adequate     
5 – Adequate 
   6 – Slightly more than adequate 
   7 – Good 
   8 – Very Good 
   9 – Excellent 
10 – Perfect 
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Appendix D (Continued) 
  Scale 3: 
 
0 – Not a contributor 
   1 – Minimal contributor 
  2 
               3 
   4 
   5 – Moderate contributor 
   6 
   7 
   8 
   9 
            10 – Most important contributor 
 
 
 
 
Scale 4: 
 
0 – Never 
   1 – Almost never 
2 
3 
   4 
   5 – Half the time 
   6 
   7 
   8 
   9 
            10 – Always 
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Appendix D (Continued) 
Scale 5: 
 
0 – None              
   1 – Almost none    
   2 – Very light 
   3 – Light 
   4 – Some 
   5 – Moderate 
   6 – Considerable 
   7 – Heavy 
   8 – Very heavy 
   9 – Extremely heavy 
            10 – Pervasive 
 
 
 
 
  Scale 6: 
 
0 – Never 
   1 – Almost never 
            2 
   3 
   4 
   5 – Half the time 
   6 
   7 
   8 
   9 
             10 – Always 
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Appendix D (Continued) 
 
Scale 7: 
 
0 – None              
   1 – Very Low    
            2 – Low 
   3 – Fair 
   4 – Slightly less than adequate 
   5 – Adequate 
   6 – Slightly more than adequate 
   7 – Good 
   8 – Very Good 
   9 – Excellent 
             10 – Perfect 
 
 
 
 
Scale 8: 
 
0 – Not a contributor 
   1 – Minimal contributor 
            2 
   3 
   4 
   5 – Moderate contributor 
   6 
   7 
   8 
   9 
             10 – Most important contributor 
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Appendix D (Continued) 
Scale 9: 
 
0 – Never 
   1 – Almost never 
2 
   3 
   4 
   5 – Half the time 
   6 
   7 
   8 
   9 
            10 – Always 
 
 
 
 
Scale 10: 
 
0 – None              
   1 – Almost none    
2 – Very light 
   3 – Light 
   4 – Some 
   5 – Moderate 
   6 – Considerable 
   7 – Heavy 
   8 – Very heavy 
   9 – Extremely heavy 
            10 – Pervasive 
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Appendix D (Continued) 
Scale 11: 
 
0 – Never 
   1 – Almost never 
2 
   3 
   4 
   5 – Half the time 
   6 
   7 
   8 
   9 
            10 – Always 
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Appendix E:  Passages utilized for stimulation of language mode 
 
English 
 I am going to read a passage out loud to you.  Please pay close attention 
and summarize it back to me in English.  
 
"There is an electronic technique which makes it possible for a person 
needing facial and skull surgery to see the results before the surgeon operates. A 
computer produces three-dimensional videos obtained from images constructed 
from CAT-Scan pictures. The computer is able to simulate each step of the 
operation. Facial surgery is usually needed for victims of tumors, birth defects, or 
accidents. Due to the success of this technique, it is commonly used in many 
medical clinics and institutions." 
 
 
Español  
Te voy a leer un párrafo en voz alta.  Por favor presta atención para que 
me lo resumas en Español cuando termine.  
 
"La memoria es la habilidad de recordar información, sensaciones, ideas, 
y eventos pasados.  Aunque la manera exacta en que recordamos no está 
completamente clara, los científicos sugieren que el lóbulo temporal del cerebro 
sirve como centro de memoria.  Este centro recopila información guardada en 
otras partes del cerebro para crear una memoria.  La amnesia, o pérdida de 
memoria, puede ocurrir a consecuencia de daño cerebral, bajo flujo de sangre, o 
causas psicológicas." * 
 
* TRANSLATION (for manuscript purposes):  
 I am going to read a passage out loud to you.  Please pay close attention 
and summarize it back to me in Spanish. 
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Appendix E (Continued) 
 Memory is the ability to remember information, sensations, ideas, and past 
events.  Although the exact way in which we remember is not exactly clear, 
scientists suggest that the temporal lobe of the brain functions as a the memory 
center.  This center gathers information stored in other parts of the brain to 
create a memory.  Amnesia, or the loss of memory, can occur as a consequence 
of brain damage, decreased blood flow, or psychological causes. 
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Appendix F: Instructions read to participants for the WIN and S-WIN tests. 
 
 
WIN 
You are going to hear a female voice asking you to say a word.  For 
example, she may say:  "say the word boy".  Please repeat the last word that you 
hear.  In this case, you would repeat only the word "boy".  There will also be 
other talkers in the background, similar to a restaurant environment. Please 
ignore the background noise and concentrate on the women's voice.  If you are 
not sure of what you heard, please take your best guess. 
 
 
 
 
S-WIN 
Vas a escuchar la voz de una mujer pidiéndote que digas una palabra.  
Por ejemplo, ella puede decir: "Diga usted coche".  Repite la última palabra que 
escuches.  En este caso repetirás la palabra "coche".  También habrá otras 
personas hablando al mismo tiempo en el fondo como en un restaurante. Por 
favor, ignora el ruido de fondo y concéntrate en la voz de la mujer.  Si no estas 
seguro de lo que escuchaste, adivina como mejor puedas.* 
 
 
* S-WIN instructions are a direct translation of the WIN instructions except for the 
example target word. 
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Appendix G: Table A1. Summary of responses from the bilingual language 
questionnaire. 
  
n Response
Dominant language 11 Spanish
9 English
Language acquired first 20 Spanish
Percentage of time exposed to Spanish 5 0-25%
7 26-49%
4 50%
3 51-75%
1 76-100%
Percent of time exposed to English 2 0-25%
2 26-49%
4 50%
8 51-75%
4 76-100%
Percent of time choose to read in Spanish 7 0-25%
4 26-49%
4 50%
2 51-75%
3 76-100%
Percent of time choose to read in English 5 0-25%
0 26-49%
4 50%
4 51-75%
7 76-100%
Percent of time choose to speak in English 3 0-25%
4 26-49%
7 50%
1 51-75%
5 76-100%
Percent of time chooose to speak Spanish 4 0-25%
2 26-49%
7 50%
7 51-75%
0 76-100%  
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Appendix G (Continued) 
n Response
Cultures with which you identify 1 Hispanic only
1 Hispanic + other
15 Hispanic & American
3 Hispanic + American + other
8.6 Hispanic
6.8 American
4.75 Other
Years of formal education 20 14-20
Highest level of education achieved 8 some college
6 college
1 masters
5 some graduate school
Date of immigration to USA 9 born in USA
2 1980-1985
4 1995-1999
5 2001-2006
12 No
9 vision (glasses)
Age you began acquiring Spanish 20 ! 1 year old
Age you became fluent in Spanish 20 ! 10 years old
Age you began reading in Spanish 20 ! 10 years old
Age you became fluent in reading Spanish 20 5.5 - 10 years old
Years spent in Spanish-speaking country 2 0 - .5 years
5 1.5 - 4 years
5 5 - 11 years
8 18 - 28 years
Years spent with Spanish-speaking family 1 0 years
3 7 - 11 years
16 16 - 30 years
3 0 years
3 3 - 6 years
3 7 - 11 years
11 14 - 29 years
Proficiency in speaking Spanish 6 6 - 8
13 9 - 10
Proficiency in understanding Spanish 20 8 - 10
Proficiency in reading Spanish 1 5
19 7 - 10
Contribution of friends to learning Spanish 9 0 - 5
11 8 - 10
Contribution of family to learning Spanish 1 6
19 9 - 10
Extent to which you identify with each culture 
(value shown is the mean response for each 
culture)
Have you ever had vision, hearing, learning, 
or language impairment/problems?
Years spent in Spanish-speaking 
school/work
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Appendix G (Continued) 
n Response
Contribution of reading to learning Spanish 7 1 - 5
3 6 - 7
10 8 - 10
12 0
7 1 - 5
1 10
Contribution on TV to learning Spanish 5 0 - 1
9 3 - 7
6 8 - 10
Contribution of radio to learning Spanish 8 0 - 3
6 5 - 7
6 8 - 10
12 2 - 5 
8 8 - 10
1 0
3 3 - 5
16 8 - 10
8 0 - 3
11 4 - 8
1 10
13 2 - 5
2 6 - 7
5 8 - 10
9 1 - 3
6 5 - 7
5 8 - 10
17 0 - 2
3 5 - 6
Self-perception of foreign accent in Spanish 16 0 - 3
4 4 - 6
17 0-1
2 5
1 10
Age you began acquiring English 6 0 - 3 years old
5 4 - 5 years old
8 8 - 14 years old
1 21 years old
Age you became fluent in English 9 3 - 6 years old
8 8 - 15 years old
3 20 - 26 years old
Age you began reading in English 11 3 - 6 years old
7 9 - 15 years old
2 19 - 22 years old
Extent of current Spanish exposure through 
reading
Extent of current Spanish exposure through 
self-instruction
Others identify you as non-native Spanish 
speaker
Extent of current Spanish exposure through 
friends
Extent of current Spanish exposure through 
family
Extent of current Spanish exposure through 
TV
Extent of current Spanish exposure through 
radio/music
Contribution of self-instruction to learning 
Spanish
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Appendix G (Continued) 
n Response
Age you became fluent in reading English 11 5 - 9 years old
6 10 - 15 years old
3 21 - 26 years old
Years spent in English-speaking country 4 0 - 5 years
5 6 - 10 years
5 12 - 18 years
6 21 - 30 years
Years spent with English-speaking family 8 0 - 1 years
5 6 - 10 years
7 16 - 29 years
1 1 year
6 4 - 8 years
6 9 - 14 years
7 18 - 34 years
Proficiency in speaking English 8 6 - 8
12 9 - 10
Proficiency in understanding English 3 6 - 8 
17 9 - 10
Proficiency in reading English 2 6 - 7 
18 9 - 10 
Contribution of friends to learning English 6 3 - 5
14 8 - 10
Contribution of family to learning English 12 0 - 3
4 5 - 7 
4 8 - 10
Contribution of reading to learning English 7 3 - 5
3 7 - 8
10 9 - 10
12 0
6 1 - 5
2 6 - 8
Contribution on TV to learning English 1 1
9 4 - 7
10 9 - 10
Contribution of radio to learning English 2 1 - 2 
8 4 - 7
10 8 - 10
5 3 - 5 
15 8 - 10
5 0
4 1 - 3
8 5 - 7
3 9 - 10
Contribution of self-instruction to learning 
English
Extent of current English exposure through 
friends
Extent of current English exposure through 
family
Years spent in English-speaking school/work
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Appendix G (Continued) 
n Response
6 3 - 6
14 8 - 10
4 3 - 5
8 7 - 8
8 9 - 10
4 5 - 7
16 8 - 10
18 0 - 2
2 5 - 6
Perception of foreign accent in English 13 0 - 3
7 4 - 6
13 0 - 3
4 4 - 7 
3 8 - 10
Extent of current English exposure through 
radio/music
Extent of current English exposure through 
reading
Extent of current English exposure through 
self-instruction
Others identify you as non-native English 
speaker
Extent of current English exposure through 
TV
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Appendix H:  Figure A1.  Psychometric functions for the individual monolingual 
English listeners on the WIN.  Mean of the functions is indicated with the dark 
line. 
Polynomial Regressions: Performance of Monolingual Egnlish Listeners on WIN
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Appendix I:  Figure A2.  Psychometric functions for the individual monolingual 
Spanish listeners on the S-WIN.  Mean of the functions is indicated with the dark 
line. 
Polynomial Regressions:  Performance of Monolingual Spanish Listeners on the S-WIN
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Appendix J:  Figure A3.  Psychometric functions for the individual Spanish-
English bilingual listeners on the WIN.  Mean of the functions is indicated with the 
dark line. 
Polynomial Regression:  Recognition Performance of Bilingual Listeners on the WIN
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Appendix K:  Figure A4:  Psychometric functions for the individual Spanish-
English bilingual listeners on the S-WIN.  Mean of the functions is indicated with 
the dark line. 
Polynomial Regression:  Performance of Bilingual Listeners on the S-WIN
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